I. Introduction
A considerable amount of work has been done in the past to understand acoustic wave propagation problems.
They occur in several situations such as sound radiation from engine inlets, exhausts and underwater acoustics.
In this paper we are primarily interested in the problems arising from engine inlets, but the methods we develop here have the applicability to underwater acoustics problems too. These type of problems have two parts. The first one is the inlet wave propagation and the other is the radiation. Both have complex wave structures due to nonlinearities. One likes to calculate the sound pressure field both inside the inlet and in the atmosphere. This can be accomplished by solving both parts together, which becomes computationally complex, or by a coupling procedure by solving in the inlet and then in the atmosphere separately. A great deal of engineering literature exists on this subject, in particular for linear problems. This paper is intended to report a sequence of successes of Euler computations of both linear and nonlinear acoustic wave propagation from inlets. It turns out this is a natural way of doing these calculations, since the field equations are obtained from Euler equations.
The difficulties in this approach are mostly attributable to treatment of boundary conditions. Particularly, the difficulties arise when one wants to prescribe boundary conditions numerically. It is known in linear wave propagation problems that it is difficult to prescribe farfield boundary conditions The plan of the paper is as follows. In Section II we give a description of the fourth-order method and its usage in higher dimensions. Sections III, IV, and V contain the description of each problem under consideration. Finally, in Section VI we present some numerical calculations.
We omit derivations of the field equations that we solve in our discussions and we refer readers to references 4 and 5. The derivation of field equations of the problem V will be reported in a forthcoming paper.
II. Numerical Scheme
As stated in the introduction the scheme used here is an extended version of MacCormack's method and is developed in notice that the fluxes are not defined at the end points, namely at j = 0,i and at j = N+I, N+2. There one can use suitable extrapolations. In all problems discussed here we used a thirdorder formula as follows:
In more than one dimension we use operator splitting technique. Let us consider the following two-dimensional system: The last aspect we consider here is the addition of artificial viscosity to resolve shock waves for the problems considered in Section IV. The equations considered there are of conservation forms of the nature
The artificial viscous term added to (2.9) is of second-order and is of the form where _ = 0(i) and p is the density. The difference form of this is
Pj -Pj-II(_j -_j-l)] " I This is a second-order formula. Thus we settle for less accuracy in the presence of shocks to obtain sharper shocks.
III. Problem of Sound Radiation From Unflanged Cylindrical Inlets
The problem studied in reference 4 is presented here. The same problem has been studied experimentally15 and analytically using Wiener-Hopf techniques. 13 The goal here is to calculate radiated sound in the atmosphere subject to a given acoustic pressure field inside the inlet. Euler computations for this 
IV. Quasi-One-Dimensional Model
In this section we describe a simplified nonlinear situation which has been popular in analyzing the nonlinear wave phenomena. We summarize the work appearing in references 5 and 6. This model is depicted in Figure 2 . The duct corresponds to the inlet situation and it has a constriction at the center. is derived upon linearization of (4.1). This process yields (q)t + A = 0 We remark here that for the fully two-dimensional problem discussed in the next section a similar procedure is used to obtain this type of boundary condition.
As far as the source term is concerned it is driven with a harmonic input f(t) = A cos t where A is the amplitude of the source.
Once again the numerical procedure described in Section II is applied to get accurate smooth solutions. For high Mach numbers and high source strengths the artificial viscosity which was discussed in that section was added to obtain solutions.
As mentioned in the introduction the goal in this class of prob/ems is to study the attenuation of sound pressure level at the exit section. It was experimentally observed that high Shock results are also in good agreement (see reference 6). As far as the sound reduction at the termination section is concerned a result for a higher sound pressure level (156 dB) for the source is presented in Figure 6 . In this case acoustic shocks occur and cause energy loss and we can see at 5 dB sound pressure level drop at the termination section. we have shown that the pressure level reduction is increasing and the wave forms starting from a smooth stage and ultimately becomes steeper showing the shock phenomena. Figure 7 shows acoustic suppression and Figure 8 shows the distortion of wave form. This validates the experimental suggestion that the increase in the Mach number attenuates sound at the termination or the exit section. For the two-dimensional model we discussed in Section V we needed a two-dimensional flow.
-
To simulate a situation we considered again the one-dimensional flow solution us and Ps but we introduced the y component of the velocity according to d'(x)
Vs(X,y) = _ y • (6.1) This is valid (see reference 12) provided the variation of d(x)
is small. For the two-dimensional case the shocks were predicted at low Mach numbers (reference 12).
Here we present a sample result that for a throat Mach number -0.85 and a 135 dB source.
Here we observed a i0 dB sound pressure with reduction on the As we mentioned before the full results will be reported in our forthcoming paper.
